Comparison between chemical compounds in gaharu smoke (burning) and gaharu oil (hidrodistillation) by Surita, Sokima
  
 
 
 
COMPARISON BETWEEN CHEMICAL COMPOUNDS IN GAHARU SMOKE 
(BURNING) AND GAHARU OIL (HIDRODISTILLATION) 
 
 
 
 
 
 
SURITA BINTI SOKIMA 
 
 
 
 
 
 
A thesis submitted in fulfillment  
of the requirements for the award of the degree of  
Bachelor of Chemical Engineering  
 
 
 
 
 
Faculty of Chemical Engineering & Natural Resources  
University Malaysia Pahang  
 
 
 
 
 
May, 2008 
 
 
 
 
 
 ii 
 
 
 
 
 
 
 
 
 
 
I declare that this thesis entitled “Comparison between Chemical Compounds in Gaharu 
Smoke (Burning) and Gaharu Oil (Hydrodistillation)” is the result of my own research 
except as cited in the references. The thesis has not been accepted for any degree and is 
not concurrently submitted in candidature of any other degree. 
 
 
Signature                        : .................................................. 
Name of Candidate        : SURITA BINTI SOKIMA 
Date                                : 16 MAY 2008 
 
 
 
 
 
 
 
 
 
 
 
 iii
 
 
 
 
 
 
 
 
 
 
 
 
 
Special Dedication of This Grateful Feeling to My… 
 
Beloved parent; 
Mr. Sokima b Saria & Mrs. Rohani bt Yunus 
 
Loving brothers and sister; 
Suriani, Mohd Issammudin and Shafie 
 
Understanding families; 
Grandma, Uncles and Aunties 
 
Supportive friends; 
Munirah, Nabila, Marni, Faradila, Haikal, Shaiful, etc 
 
For Their Love, Support and Best Wishes 
 
 
 
 
 
 
 
 
 
 
 
 
 iv 
 
 
 
 
 
ACKNOWLEDGEMENT  
 
 
 
 
First and foremost, I wish to express my sincere appreciation to my thesis 
supervisor, Mr. Saiful Nizam Tajuddin, for constantly guiding and encouraging me 
throughout this study. Thanks a lot for giving me a professional training, advice and 
suggestion to bring this thesis to its final form. Without his support and interest, this 
thesis would not have been the same as presented here.  
 
 
I am grateful to the staff of Faculty of Chemical Engineering of University 
College of Engineering and Technology Malaysia for their cheerfulness and 
professionalism in handling their work. In preparing this thesis, I was in contact with 
many people, researches, academicians and practitioners. They have contributed towards 
my understanding and thoughts.  
 
 
In particular, my sincere thankful is also extends to all my colleagues and others 
who have provided assistance at various occasions. Their views and tips are useful 
indeed. Unfortunately, it is not possible to list all of them in this limited space. And last, 
but not least I thank my mother and other family members for their continuous support 
while completing this thesis.  
 
 
 
 
 
 
 
 
 
 
 v 
 
 
 
 
 
ABSTRACT 
 
 
 
 
 Gaharu is known as one of the most expensive wood in the world. It is valued in 
many cultures for its distinctive fragrance, and used extensively in incense and 
perfumes. The gaharu that was used in this study is grade C gaharu from peninsular of 
Malysia or known as ‘karas’ among the locals.  The objective of this study is to 
determine the different between chemical compounds exist in gaharu smoke and gaharu 
oil. For burning process, the smoke was trapped using sample bottles and then was 
analyzed using GC-MS. Meanwhile for extraction process, the gaharu was extracted 
using hidrodistillation method. Then, the oil formed was analyzed using GC-MS too. 
From the result, about 20 to 30 chemicals compounds found in gaharu smoke and about 
80 to 90 chemical compounds found in gaharu oil. After make comparison, only 6 
compounds exist in both condition of gaharu. Most of them are pulp wood pyrolysis 
product and aromatic compounds. There are also fragrant sesquiterpenes found in gaharu 
oil but not in gaharu smoke which are copaene and 7-methanoazulene. 
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ABSTRAK 
 
 
 
 
 Kayu Gaharu terkenal sebagai antara kayu yang termahal di dunia. Ia banyak 
digunakan oleh  pelbagai budaya sebagai pewangi tersendiri dan juga digunakan sebagai 
setanggi dan minyak wangi. Kayu gaharu yang digunakan dalam kajian ini adalah kayu 
gaharu gred C dari semenanjung Malaysia yang mana juga dikenali sebagai ‘karas’ oleh 
penduduk tempatan. Kajian ini dijalankan bagi menentukan perbezaan antara sebatian 
kimia yang wujud dalam asap gaharu dan minyak gaharu. Untuk proses pembakaran, 
asap gaharu di simpan di dalam botol sampel dan kemudian di analisis dengan 
menggunakan GC-MS (Gas Chromathography- Mass Spectometry). Manakala untuk 
proses pengesktrakan pula, gaharu di ekstrak dengan meggunakan kaedah penyulingan 
hidro. Berdasarkan keputusan eksperimen, lebih kurang 20 ke 30 sebatian kimia didapati 
dalam asap gaharu dan lebih kurang 80 ke 90 sebatian kimia didapati dalam minyak 
gaharu. Selepas membuat perbandingan, hanya enam sebatian kimia wujud dalam 
kedua-dua keadaan gaharu. Kebanyakan sebatian kimia yang wujud adalah dari produk 
pirolisis dan sebatian aroma. Selain itu terdapat juga campuran sesquiterpene  wujud di 
dalam minyak gaharu iaitu copaene and 7-methanoazulene. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1       Introduction 
 
 
Gaharu is a resinous wood that sometimes occurs in trees belonging to the 
Aquilaria genus, Thymelaeceae family.  There are many names for this resinous wood, 
including agar, agarwood, aloeswood, eaglewood and kalambak. Table 1.1 shows the 
scientific classification of gaharu.  
 
Table 1.1 : Scientific Classification of Gaharu/Agarwood 
Kingdom  Plantae 
Division  Magnoliophyta 
Class Magnoliopsida 
Order Malvales 
Family Thymelaeacea  
Genus Aquilaria  
 
(Source: www.wikipedia.org)  
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Gaharu wood being in high demand for medicine, incense and perfumes across 
Asia and Middle East (Chang et al., 1997). In Arabic, gaharu woodchips are meant to be 
used as incense. A sliver should be placed on charcoal and it will smoulder for 
sometimes hours depending on the woodchip size. A sliver is all that is needed to enjoy 
the wonderfully hypnotic aroma for about an hour. Figure 1.1 shows the example of 
gaharu chips which is the C grade of gaharu. 
 
Gaharu is one of the rarest and precious woods on the planet, prized for its rich 
and wonderful fragrance. One of the reasons for the relative rarity and high cost of 
gaharu is the depletion of the wild resource. Unlike other fragrant woods or materials, 
the gaharu chips produce fragrance only when burned. Only burned gaharu releases in 
the atmosphere a fresh and fascinating spiritual scent. In comparison with fragrance of 
other woods, the fragrance of burnt gaharu is very long-lasting and a small quantity of 
burned gaharu may scent the air for the whole hours. 
 
 
Figure 1.1 Example of Gaharu Chips 
 
 As mentioned above, gaharu is generally used in an incense stick. When burned 
it emits a type of smoke which possesses a pleasant odor (Ishihara et al., 1992). 
Therefore, it is very important to clarify the components of the smoke generated by 
heating as well as the constituent in essential oil of gaharu. So, this research will focus 
on the differences between components in gaharu smoke and gaharu oil. 
 3 
1.2       Objective 
 
 
The objective of this research is to determine the chemical compounds that exist 
in the smoke during the burning and extraction process. 
 
 
 
 
1.3       Scope of  study 
 
 
In order to achieve the objective, the following scopes are going to be applied:  
1. To study the chemical compounds of gaharu wood based on GCMS analysis. 
2. To compare the chemical compounds exist during extraction (hydro 
distillation) and burning process. 
 
 
 
 
1.4       Problem Statement 
 
 
Currently, the method used to determine the grade of gaharu is using the physical 
properties of the wood. Some countries used sinking method to grading the gaharu and 
others depend on the colour of the gaharu. For this research, I try to use the                       
scientific way to grading the gaharu so that the method to grade the gaharu can be 
standardize among the countries. 
 
 Another problem is we still cannot identified the real compounds exist in gaharu 
smoke. Many researchers have done the research to define the chemical compounds in 
gaharu essential oil but not in gaharu smoke. 
 
 
 
 
 
  
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1    Gaharu 
 
 
Gaharu, also known as agarwood, aloeswood, agalloch or eaglewood in English 
and jinkoh in Japanese, is a fragrant wood and one of the valuable non-timber products 
in Asian tropical forest. Gaharu is produced from the action of damages on Aquilaria 
plants (Thymelaeaceae) and then infections by fungi (Ueda et al., 2006). The trees 
occasionally become infected with a parasite mould and begin to produce an aromatic 
resin in response to this attack. As the fungus grows, the tree produces a very rich, 
dark resin within the heartwood. It is the precious resinous wood that is treasured 
around the world. 
 
The degree to which the resin saturates the heartwood phloem fibers determines 
the market value of this product. In lesser quality specimens, the resin creates a 
mottled or speckled appearance in the naturally pale wood, but higher quality 
specimens are nearly solid in color—glossy and black (Donovan et al., 2004). Gaharu 
has three principle uses which are medicine, perfume and incense. Smaller quantities 
are used for other purposes, such as carvings. 
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2.2      Grading and Prizing of Gaharu 
 
 
As noted by Barden et al., 2000, grading gaharu or agarwood is a complicated 
process. It is classified according to various grading systems that differ according to the 
product in trade and country in which trade is taking place. The grade of gaharu and 
gaharu derivatives such as oil is determined by a complex set of factors including 
country of origin, fragrance strength and longevity, wood density, product purity, resin 
content, colour and size of the form traded. 
 
In Taiwan, the quality of gaharu is assessed according to whether or not it sinks 
in water. Gaharu pieces which sink are assumed to have a higher resin content (and 
hence be of a higher grade) than those which float (Heuveling van Beek and Phillips, 
1999).  Burned gaharu is another indication of resin content. Resin can be seen to exude 
with a bubble-like appearance when the wood is burnt. 
 
In Papua New Guinea, grading of gaharu is based on colour, shape and density of 
the wood. At present there are five grades of gaharu which are Super A, A, B, C and D 
as presented in Table 2.1 below:  
 
Table 2.1 : Guidelines for grading gaharu based on size, shape and weight of wood 
Grading on 
colour 
Heavy 
irregular 
shape 
Heavy 
irregular 
shape 
Light large 
pieces 
Heavy 
thick chips 
Black shiny Super A A B C 
Mixture of dark 
black & 
chocolate 
brown 
B B C C 
Mixed colour 
(pale 
C C C C 
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black/chocolate 
brown 
Brown D D D D 
Pale yellow or 
tan brown 
D mostly 
rejected 
D mostly 
rejected 
D mostly 
rejected 
D mostly 
rejected 
White reject reject reject reject 
 
(Source: RMAP Working Papers, 2003) 
  
 
 
 
2.3       Gaharu in Malaysia 
 
 
In Malaysia, the tree of Aquilaria is called karas and its fragrant is known as 
gaharu. The gaharu is traditionally used to produce incense in the Far East and have 
tonic and therapeutic properties (Burkill 1966, Okugawa et al., 1993). Recently, the 
range of uses for gaharu has widened to include new products such as gaharu essence, 
soap and shampoo (Chakrabarty et al., 1994). 
 
Based on available trade data, Indonesia and Malaysia appear to be the main 
sources of gaharu in international trade. Over 340 tonnes of gaharu were reported as 
exported from Peninsular Malaysia from 1995 to 1997 (Barden et al., 2000).  One of the 
states that produce gaharu in Malaysia is Kelantan. High quality gaharu can fetch RM10, 
000 per kg and is burned like incense stick. A 12g of oil is sold at between RM50 and 
RM200. Table 2.1 below shows the price of gaharu in Kelantan. 
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                               Table 2.2 : Price of Gaharu in Kelantan 
Grade Price 
Double Super Grade RM10, 000 to RM12, 000 per kg 
Super Grade RM8, 000 to RM10, 000 per kg 
A Grade RM4, 000 to RM8, 000 per kg 
B Grade RM3, 000 to RM4, 000 per kg 
C Grade RM 1, 000 to RM 2, 000 per kg 
Mix Grade RM 60 to RM 250 per kg 
 
 
According to Heuveling van Beek and Phillips (1999), as a general rule Malaysia 
produces eight grades of gaharu: grades one to three are dark, highly resinous and sink 
in water, whereas grades four to eight are brown to light brown and float in water. 
Gaharu is often adulterated with kerosene or other coloured oils to resemble higher 
grade gaharu. 
 
 
 
 
2.4       Chemical Compounds in Gaharu 
 
 
2.4.1 Gaharu Essential Oil 
 
 
The first investigation on the chemical components of gaharu was done on 1935 
(Shimada et al., 1982). Generally, gaharu oils are mixture of sesquiterpenes, 
sesquiterpene alcohols, oxygenated compounds, chromone derivatives and resins. Some 
of the more important compounds are agarospirol, jinkohol-eremol, jinkohol and 
kusenol that may contribute to the characteristic aroma of gaharu (Nakanishi et al., 
1984, Ishihara et al., 1993). 
 
Similar chemical studies were conducted on gaharu from A. agallocha and other 
species of Aquilaria. The results from the study suggest that gaharu of different origins 
may be distinguished chemically as shown in Table 2.3 (Yoneda et al., 1984). 
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   Table 2.3 : Chemical comparisons between gaharu of different origins  
Gaharu Chemical components 
Type A (A. agallocha) Agarospirol 
Jinkoh-eremol 
Oxo-agarospirol 
α- and β-agarofuran 
Dihydroagarofuran 
Kesunol 
Type B (Aquilaria spp.) Agarospirol 
Kusunol 
Jinkoh-eremol 
Oxo-agarospirol 
α-agarofuran 
(-)-10epi-γ-eudesmol 
Jinkohol 
 
 
Different chemical component in gaharu oil will determine the characteristic or 
quality of the gaharu. Figures in table below will show some chemical component 
structure in gaharu essential oil.  
 
         Table 2.4 : Chemical structure of chemical components in gaharu essential oil 
Chemical components Chemical structure 
 
Agarospirol 
 
 
 
α-agarofuran  
 
 
OH
O
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Jinkoh-eremol 
 
 
 
10-epi-γ-eudesmol 
 
 
 
β-agarofuran 
 
 
 
Nor-ketoagarofuran 
 
 
 
Kusunol 
 
 
 
Jinkohol 
 
 
Jinkohol II 
 
 
 
 
 
OH
OH
CH 2
O
O O
OH
H OH
H
OH
  
10 
In peninsular of Malaysia, the gaharu were mostly of grade C quality. Gas 
chromatograms showed similar gas chromatography profile suggesting a region of peaks 
with retention times ranging from 28.0 to 42.0 min to be indicative of gaharu presence 
(Chang et al., 2002).  
 
 
 
 
2.4.2 Gaharu Wood 
 
 
In Vietnam, the smoke of two kinds of agarwood (Kanankoh and Jinkoh) 
generated by heating was analyzed by using fused silica capillary GC/MS. Kanankoh 
smoke contained many kinds of fragrant sesquiterpenes along with a small amount of 
pulp wood pyrolysis products such as acetic acid, benzaldehyde, and vanillin as a top 
note. On the other hand, many aromatic compounds that might be produced by pyrolysis 
of ligneous part were detected from Jinkoh smoke (Ishihara et al., 1993).  
 
 
 
 
2.5 Burning Method 
 
 
 Sampling of smoke volatiles emitted from burning incense using SPME was 
performed in two ways. Figure 2.1 shows the set up for extraction of smoke volatiles, 
where the SPME fiber is directly exposed to the smoke stream from the incense stick 
burning inside the inverted glass funnel. This experiment allows sorption of smoke 
volatiles and also potentially particulates from the smoke onto the fiber (Philip et al., 
2006).  
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Figure 2.1 Diagram of SPME set up for sampling of smoke by direct sampling 
 
 
 Figure 2.2 shows the SPME set up for side stream extraction. A T-piece was 
attached to the glass funnel, with the incense burnt in the bottom portion of the inverted 
funnel, and the fiber was inserted into the side arm of the T-piece. The mainstream 
smoke was vented through the funnel neck, and volatile compounds diffuse into the side 
arm of the T-piece for SPME sampling. 
 
 
 
Figure 2.2 Diagram of SPME set up for sampling of smoke by side stream sampling 
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2.6 Analysis Equipments 
 
 
2.6.1 Solid-Phase Microextraction (SPME) 
 
 
SPME is a solvent-less extraction technique, usually used for analyte collection 
for determination by gas chromatography and is based on adsorption. A fused silica fiber 
is coated with a solid adsorbent or an immobilized polymer. Figure 2.3 below show the 
schematic diagram of SPME. 
 
 
 
Figure 2.3 Schematic Diagram of SPME 
 
(Source: Gyorgy and Karoly, 2003) 
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SPME relies upon the extraction of solutes from a sample into the SPME 
absorptive layer. After a sampling period, the absorbed solutes are transferred with the 
SPME layer into an inlet system that desorbs the solutes into a gas (for GC) or liquid 
(for LC) mobile phase (Hinshaw, 2003).  
 
The primary advantages of SPME are its ability to decouple sampling from 
matrix effects that would distort the apparent sample composition or disturb the 
chromatographic separation; its simplicity and ease of use; and its reduced or non-
existent solvent consumption. These characteristics combine to make SPME an 
attractive alternative to classic headspace or thermal-desorption sampling, solid-phase 
extraction and classic liquid–liquid extraction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
